Although it is well known that product design affects supply chain management, much less has been written about whether and how product design affects supply chain risk management. This research gap brought us to study the following research questions: which new product development (NPD) practices can mitigate supply chain risk? And how? Based on seven exploratory case studies, we found that four categories of NPD practices, as well as product modularity, are effective supply chain risk mitigation levers. Moreover, we found that the conjoint adoption of NPD practices and product features (i.e. 'bundles') has a synergistic effect on supply chain risk mitigation.
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Introduction
In the last years, companies have acknowledged the strong negative impact that supply chain disruptions may have on performance both for the company itself and for supply chain partners (Yang and Yang, 2010) . Therefore, much attention has been paid to supply chain risk management, i.e. the process of identifying, analysing and assessing supply chain risks and minimising the impact of such risks (Norrman and Jansson, 2004) . Researchers have proposed a wide range of strategies so far to minimise the effects of supply chain disruptions (Li and Hong, 2007; Manuj and Mentzer, 2008; Talluri et al., 2013; Manuj et al., 2014; Scholten et al., 2014; Kilubi, 2016; Ghadge et al., 2017) .
Several studies (Randall and Ulrich, 2001; Pero and Sianesi, 2009; Pero et al., 2010; Caridi et al., 2012; Chen and Huang, 2014; Chiu and Okudan, 2014) contend the great importance of matching product design and supply chain features and deeply analyse the impact of new product development (NPD) choices on supply chain decision variables and ultimately on supply chain performance. Within this research stream, academics have begun to recognise the importance of preventing and setting conditions to react to a supply chain disruption starting from the NPD process. In fact, matching product design with supply chain characteristics and processes is seen as a way to control possible performance deterioration (Tang, 2006; Zsidisin and Smith, 2005) . Despite the promising results of these studies, few contributions have developed them thus far. Therefore, our aim is to investigate how the product features and the NPD practices may be leveraged to support supply chain risk management. The results of our empirical analysis suggest that companies can leverage on four categories of practices regarding the NPD process and one main product feature to mitigate supply chain risk. Moreover, we found that companies combine product features and NPD practices so as to take advantage of their synergistic effect on supply chain risk mitigation. Six combinations (hereinafter referred to as 'bundles') have been observed.
The first section of the paper deals with the literature background. In the following sections, we state the research framework and methodology. Then we present seven case studies, which represent our empirical sample and discuss the cross-case findings. To conclude, we report the managerial implications and the limitations of our findings and suggest the future research paths.
Literature review
Prior research on supply chain risk sources and supply chain risk mitigation strategies
The theoretical foundations of this research stem from an analysis of two basic constructs of supply chain risk management (Juttner et al., 2003) , i.e. risk sources and mitigation strategies. Risk sources are unplanned events that may occur in the supply chain and which might affect the normal or expected flow of materials, components, information and money, thus exposing firms connected within the same supply chain to financial and operational risks (Juttner, 2005; Svensson, 2002; Hendricks and Shingal, 2005) . Christopher and Peck (2004) and Christopher (2005) state that risk mitigation strategies aim to make a supply chain less vulnerable (i.e. less exposed to risks) and more resilient (i.e. capable of recovering its original operating status following a disruption or moving to a new, more desirable state after being hit). Craighead et al. (2007) define a mitigation strategy as a "sequence of coordinating actions to enhance the abilities of the supply chain to recover in a short time from a manifested disruption or to create awareness of a pending disruption."
The detection of the most relevant risk sources along a supply chain is the initial step of supply chain risk management and the main enabler for risk assessment (Ho et al., 2015) . We carried out a literature review in order to list the risk sources that are most cited in the literature. Inherent contributions were researched in SCOPUS and ISI-web of knowledge databases. The synthesis made by recent literature reviews (i.e. Colicchia and Strozzi, 2012; Ho et al., 2015) was used as a baseline. The research was conducted up to the point when redundant supply chain risk sources were found and so the list of risk sources proved to be exhaustive. Table 1 presents our categorisation of the risk sources which reflects main categories discussed in the literature. As Ho et al. (2015) highlight, several are the categorisations presented in the literature. Some of them distinguish between endogenous and exogenous sources of risk (Trkman and McCormack, 2009; Olson and Wu, 2010) , others distinguish between risks internal to a single company, internal to a network of companies and pertaining the external environment (Christopher and Peck, 2004; Lin and Zhou, 2011) . Table 1 Classification of supply chain risk sources, based on literature review
Categories Sources of supply chain risk Description Authors
Demand Forecast errors induced by demand uncertainty
Mismatch between a company's projections and actual demand Manuj and Mentzer (2008) , Wagner and Bode (2008) , MasonJones and Towill (1998), Zsidisin (2003) , Ritchie and Brindley (2007) and Talluri et al. (2013) Disruptions in the outbound channel Disruptions in the physical distribution of products to end customers, generally in transport Wagner and Bode (2008) , Billington et al. (1998 ), Juttner (2005 and Talluri et al. (2013) Chopra and Shodi (2004) , Manuj and Mentzer (2008) and Svensson (2002) Machinery breakdown A machinery of a manufacturing plant temporally going out of work Wagner and Bode (2008) , Svensson (2002) and Talluri et al. (2013) Production quality problems Discovery of low-quality lot during the quality control or the delivery to the market of the low-quality lot Manuj and Mentzer (2008) and Svensson (2002) Supply Supply quality problems Problems regarding the quality of the materials supplied Ritchie and Brindley (2007) , Zsidisin (2003) and Wagner and Bode (2008) Late inbound delivery Delay in delivery due to problems in inbound transport, problems in the supplier's production capacity, opportunistic behaviour on the part of the supplier
Zisdisin (2003), Svensson (2002) , Wagner and Bode (2008) , Manuj and Mentzer (2008) and Talluri et al. (2013) Supplier default A supplier going out of business (due to financial issues or a natural disaster) Ritchie and Brindley (2007) , Wagner and Bode (2008) and Talluri et al. (2013) Supplier's inability to reduce costs Supplier's inability to reduce costs enough to meet market demand and reduce prices to the final costumers Zsidisin (2003) Copyright and intellectual property risk
Spillover of competences and knowledge in general Chopra and Shodi (2004) NPD Changes in design characteristic late in the product-development phase Product design changes that may occur once the new product-development phase is on-going Lin and Zhou (2011) Misalignment between design and production capabilities Low level of communication and coordination between R&D and the production department Lin and Zhou (2011) In our classification, along with risk sources that hit the supply chain, we also include risk sources that might arise during the NPD process when the supply chain is still not fully operational, e.g. the misalignment between design and production capabilities. If not addressed properly, these risk sources may have an impact on the supply chain processes and performance (Lin and Zhou, 2011) . In the final list of risk sources, we have excluded those risk sources that cause other risk sources. We set aside catastrophic or purely environmental risks (Wagner and Bode, 2008) . We opted for this exclusion, because the occurrence of a natural event may itself cause other listed supply chain disruptions (e.g. machinery breakdown or supplier default).
There is an extensive body of literature defining and classifying supply chain risk mitigation strategies. Juttner et al. (2003) refer to five generic responses to supply chain disruptions: avoidance, control, cooperation, imitation and flexibility in operations and sourcing. Tang and Tomlin (2008) categorise risk reduction strategies according to whether they engage the likelihood of a disruptive event or the impact if the event occurs. Likewise, Wagner and Bode (2008) refer to cause-oriented and effect-oriented supply chain management practices. Cause-oriented strategies are based on the concept of avoidance, as they lead to a decrease in the probability of the occurrence of a disruption by targeting causes. In the case of effect-oriented practices, a firm decides to bear the risk of a certain disruption but attempts to limit the negative effects of a disruption. More recently, Scholten et al. (2014) study supply chain resiliency from a system-level perspective as suggested by Christopher and Peck (2004) and define five primary capabilities for developing resilience: supply chain re-engineering, collaboration, agility, risk awareness and knowledge management.
Prior research on NPD potential mitigations of supply chain risk
In the literature, the way NPD process management impacts NPD performance (e.g. time to market, Ulrich and Eppinger, 2007 ) is well established. More recently, researchers have studied how product features impact supply chain design (Pero and Sianesi, 2009; Caridi et al., 2012; Chen and Huang, 2014; Chiu and Okudan, 2014) . Few authors also suggest that product features as well as NPD practices can be leveraged as supply chain risk mitigation strategies. Table 2 presents these contributions. Manuj et al. (2014) Among the product features, modularity is largely recognised to enable a faster pace of development, breaking the product architecture into simpler subsystems (Fine, 2000) and boosting the innovation rate and time to respond to competitors' moves (Shamsuzzoha, 2011) . Moreover, modularity eases the way for frequent and profitable upgrades and maintenance during the NPD process of each module as more powerful technology is developed (Fine, 2000; Shamsuzzoha, 2011) . Modularity allows the creation of subindustries or segments for each module and making it easier and easier for a firm to 'shop around' to find the most suitable combination of subsystems (Fine, 2000) . Finally, modularity drives companies to make a decision only when the adequate information is available (Yang and Yang, 2010) : indeed, modularity requires that the relationships among components are specified early in the product development process. As a result, the manufacturer can anticipate potential problems and fix them on time (Ahmad et al., 2010) . Table 2 suggests that modularity is also a lever for mitigating risks. In fact, on the one hand, due to the flexibility in the product architecture, modularity allows rapid reconfiguration following a disruption (Kleindorfer and Saad, 2005; Yang and Yang, 2010) . On the other hand, modularity allows to configure a wide range of end products and it helps to cope with product customisation without compromising the efficiency (Piller et al., 2004) . In Yang and Yang (2010) view, modularisation is a way to both reduce interactive complexity and mitigate risks of the supply chain. Moreover, the two authors assert that modularity allows a firm to shift business operations elsewhere in the event of a disruption as well as to rapidly recombine components in a variety of configurations in response to unexpected events. More broadly extending the concept of modular product to modular product family (i.e. product variants created by changing one or more functional modules from a product platform in order to accommodate diverse market needs (Simpson et al., 2006) ), Luo et al. (2016) discuss how a modular product family can exacerbate supply risk rather than mitigate it. In a module-based product family, product variants are determined by substituting functional modules.
The exposure to a risk of a supplier failure is considered higher in the case of a modular product family because several types of suppliers (i.e. suppliers of modules) are involved (Luo et al., 2016) . Moreover, the severity of consequences in the case of a supplier failure is higher because each supplied module enters many product variants. Sometimes, instead, modularity is discussed as a part of a mitigation strategy directly associated with the manufacturing and logistics practice of postponement. Tang (2006) , in a structured study on robust mitigation strategies for supply chain risk, cites the practice of postponement as one of the enablers to set 'contingency plans' for supply chain disruptions. More recently, also Carbonara et al. (2015) discuss the role of postponement as a strategy to mitigate demand-and supply-side disruption separately. In their study, they demonstrate how the value of postponement as a mitigation strategy increases when suppliers are less reliable and when demand is highly uncertain. Manuj et al. (2014) advocate that modularity is one of the conditions for postponement to be implemented in order to get higher profit under conditions of high risk on the demand side. The same position is taken by Gualandris and Kalchschmidt (2015) who tested how process modularity significantly reduces the negative impact of supplier failure, while the same does not hold true for product modularity. However, the authors verified how product modularity is the main antecedent for process modularity.
With regard to NPD process, three main practices have already been identified as likely to mitigate supply chain risk: 3D-concurrent engineering, early supplier involvement (ESI) and the ;silent product rollover strategy'.
Under the 3D-concurrent engineering approach three areas, namely production, product development and supply chain, work together and overlap creating rooms for conjoint phases of the simultaneous development of product architectures, manufacturing processes and strategy regarding the supply chain structure (Ellram et al., 2007) . This approach would certainly help managers to anticipate supply chain constraints and thereby risks during the NPD phase, but it is still and unexplored area of the literature (Claypool et al., 2014) .
Collaboration with suppliers can facilitate product innovation (Parthiban et al., 2008) . ESI is an inter-firm collaboration in which the buying firm involves suppliers in the initial stages of product development, such as concept and system design. Although ESI in the context of NPD has been long debated (Ragatz et al., 2002; Petersen et al., 2003; Johnsen, 2009 ), Zsidisin and Smith (2005) is one of the few contributions that present ESI as a tool for mitigating the likelihood of certain supply chain disruptions. Through an in-depth case study, the authors relate ESI to two groups of risk sources: product failure, including excessive costs and quality problem issues and supplier failure, including extended product development times, the inability to handle product design changes and supplier organisational leadership. Based on an in-depth case study, McIvor et al. (2006) found that ESI allows reducing the risks associated with production outsourcing and design outsourcing for parts that are critical for the future success of the business. Khan et al. (2012) found similar results in an in-depth case study of a UK fashion retailer.
Under the 'silent rollover strategy', the product is 'leaked' slowly into the marketplace without any formal announcement (Billington et al., 1998) . As such, customers are not fully aware of the unique features of the new product and they are more likely to choose other products that are available. As expressed by Tang (2006) , this practice may be a useful tool in the 'fast-fashion' industry, in which products are launched very often in the marketplace and the production run for the same item is not repeated. Silent product rollover may be considered part of the 'launch and production ramp-up phase' (Cooper, 1994) and may be interpreted as a useful strategy to rely on substitutable products for handling demand fluctuations when there is a supply chain or a demand disruption (Tang, 2006 ).
Research model
The previous research has provided little evidence that companies do resort to NPD process and product features to mitigate the risk in a supply chain. Yet an exhaustive work is still missing. The first aim of this work is to study what NPD practices and product features companies adopt in order to mitigate supply chain risks. Thus, the first research question of this paper follows:
Research Question 1 (RQ1): What NPD practices and product features do companies adopt to mitigate the supply chain risks?
New product development process and product features may mitigate supply chain risk in two possible ways. Tang and Tomlin (2008) distinguish between (i). the preventive mitigation effect coming from reducing the likelihood of occurrence of a certain risk source and (ii). the setting of conditions to adopt a reactive approach, limiting the negative consequences on performance. In line with them, we call 'occurrence damper' a mitigation effect that acts on the likelihood of occurrence, and 'severity damper', a mitigation effect that acts on the severity of the consequences. The two mitigation effects are depicted in Figure 1 . Research Question 2 aims to elucidate how product features and NPD practices mitigate supply chain risk. This is a twofold question: on the one hand, we want to study which supply chain risks are mitigated by a certain product feature or NPD practice; on the other hand, we want to understand whether that product feature/NPD practice acts as either an occurrence damper, i.e. reducing the likelihood of the occurrence of a risk source, or a severity damper, i.e. reducing the negative impact of the disruption. In particular, we will investigate the following research question:
Research Question 2 (RQ2): How do NPD practices and product features mitigate supply chain risks? Figure 2 presents the research framework that served as a basis for our empirical investigation. In our framework, we refer to the list of supply chain risks drawn from the literature review (Table 1) . We understand that this list might be enriched as a result of our empirical results. 
Research methodology
In order to answer our research questions, a case study is the most suitable research method to adopt (Eisenhardt, 1989; Yin, 2009) . It is appropriate for answering 'how' and 'why' questions and when the borders between the problem under study and the context are weakly defined (Yin, 2009 ). In particular, we employed a multiple case study approach and we performed both an in-depth examination of each case and a cross-case comparison (Eisenhardt and Graebner, 2007) in order to enhance the confidence in the findings (Miles and Huberman, 1994) . In line with Miles and Huberman (1994) , we set the boundaries of our study and we created a frame to let the needed information emerge.
Boundaries setting
Eligible companies were limited to manufacturing company, thus excluding service contexts. Firms were sought referring to the research questions in sectors known for being likely to present several supply chain risks (e.g. high tech, engineering, procurement and construction). The cross-industrial focus is consistent with the exploratory nature of the study. Indeed, it allowed us to gather data on several experiences and contexts, thus providing robust support for the similarities observed as well as suggesting contingent variables that potentially explain differences.
Frame definition
According to the qualitative nature of the study, companies were selected according to a purposive rather than random sampling (Miles and Huberman, 1994) . In particular, we adopted an intensity sampling, which allowed us to select a small number of rich cases in which several risk sources are manifested, a structured NPD process is in place, and a complex supply chain is established.
The resulting sample is composed of seven firms operating in different industries. Table 3 shows the main features of the companies under study (the names are disguised). The number of cases selected is consistent with other studies in the supply chain management field (Danese, 2007; Walker and Jones, 2012) . The unit of analysis is the NPD process of a selected product, business line or project of the company. 
Data collection phase
We gathered information through direct interviews. In particular, for each firm, we undertook interviews with key informants involved in research and development (R&D), supply chain, purchasing and production management. The selection of the interviewees was carried out according to the unit of analysis and the main areas of risk that our knowledge built from the literature suggested us to analyse. Each informant provided her/his view on the product development process and risks affecting the supply chain. Interview questionnaire (see Appendix A) consists of a set of open questions which was integrated by the full list of risk sources drawn by our literature search (Table 1) . Secondary information was collected and triangulated with data drawn from the interviews in order to assure external validity (Yin, 2009) .
All interviews were tape-recorded and transcribed, and a telephone follow-up with the respondents was conducted to assess the outcomes of the first interview in terms of the list of supply chain risk sources and mitigation practices identified. If some information was thought to be too vague, the follow-up interview helped to get the needed clarifications. Finally, after the follow-up, all interviewed managers were contacted via e-mail and asked to fill in a questionnaire (see Appendix B) addressing the kind of mitigation effect (on occurrence, on severity) for each mitigation practice.
Within-case data analysis tools and methods
Data and information gathered through the case studies were categorised and contextualised to reveal unforeseen relationships and regularities between variables under investigation. We collected and categorised the supply chain risk sources as well the mitigation practices adopted in order to connect them with theoretical constructs and compare our findings with theory. The answers collected about the kind of mitigation effect for each mitigation practice offer a way to validate the within-case analysis and to gain more confidence about the coded mitigation effect.
Case studies
The evidence of our cases emerged through a series of steps. The first evidence collected consists of the most perceived supply chain risk sources as well as the NPD practices and the product features that mitigate one or more risk sources.
Case 1 -TelcoEquipo is the company in the sample with the most structured NPD process. During the whole process, the R&D and supply chain departments are tightly aligned. The most relevant risk sources are related to supply and include supply quality problem, late inbound delivery and supplier default. During the product definition phase, the new product introduction (NPI) manager is in charge of gathering and including supply-side requirements in the list of functional requirements that the designers have to fulfill. For instance, these requirements are devised to avoid, when possible, single sourcing. When a case of single sourcing is found, an 'alert' is passed back to the R&D asking to re-design the parts for which only one supplier was found. If the part has a primary importance within the product structure and few qualified suppliers are able to provide it, shifting to another component with an associated supplier is not always feasible. TelcoEquipo products are modular and thanks to the loosely coupled interfaces of the product, the company can quickly react to supply disruptions by re-designing modules whose supply has been interrupted.
Another major risk is production quality. A telecommunications equipment is to be installed ad-hoc for the customer in diverse operating conditions. Mitigation is entrusted to a checklist monitoring the quality level of a first 'draft' production series. Whenever the preliminary series does not satisfy the quality requirements, the supply chain department can ask for a revision of the product. Meanwhile, TelcoEquipo has adopted a form of downstream alignment, choosing a selected group of costumers who are asked to test the so-called 'first office applications', i.e. combinations of hardware and software in diverse operating conditions. Case 2 -In Epc, the NPD process consists of engineering and procuring parts of the new plant/equipment. Late inbound delivery may determine a shift of the assembly plans of the construction yard, so inducing substantial costs. For this reason, it is perceived as a major source of risk. In addition to this, a low quality of the supply is likely to trigger huge losses at the construction yard. Finally, Epc is exposed to geo-political risks because it provides products and services on the field.
The mitigation of the risks belonging to the supply category and including both supply quality problems and late inbound delivery are entrusted to the monitoring of the first-tier suppliers, which are managed by the expediting and inspection offices, which in turn coordinate each other under the supervision of the post-order service office. Visits to the supplier's plant take place regularly in order to verify the progress of the production plans. The inspection office is responsible for mitigating the risk associated with supply quality. This objective is contrasting with that of the expediting office, whose aim is to reach delivery time targets, even at the expense of quality. The post-order service office plays a key role, given that it guarantees internal alignment. Modularity in construction allows mitigating geo-political risks: most of the added value is in the disassembled modules, whereas the activities performed in the risky area of the construction yard add few value to the product.
Case 3 -WhiteGoods adopts an NPD process that is a structured stage-gate model, entrusted to a multifunctional team. Inbound quality and production quality problems are the most perceived risk sources. Supply quality issues are mitigated during the 'execution phase' of the NPD process. In fact, during this phase, suppliers are requested to deliver a sample of components, as though it was a real delivery, to test the manufacturing and delivery. Once the test is passed, the supplier receives what is called first part approval. The quality control for possible production problems is separately performed for each module and is entrusted to specialists, who are able to pay more attention to the technical details that would otherwise be overlooked.
Also product development is a risk source, due to the possible misalignment between design, production and supply capabilities. For key components, e.g. electronic boards, the company mitigates the risk involving the suppliers during the 'concept selection', which occurs early in the NPD process.
Case 4 -NonFoodConsumo is a multinational company whose global scale increases the likelihood of disruptions, therefore the company strongly perceives the need for supply chain risk management. Chemical components suppliers are usually unique worldwide. For this reason, the immediate effect of a supplier disruption is both a late delivery and the physical impediment of the overall supply market to supply the volume of chemicals needed by NonFoodComsumo. Moreover, some of this firm's products have oleo-chemical nature and the company is exposed to raw material price fluctuations. Several possible supply chain issues may emerge during the NPD process (the so-called 'killer issues'), such as the choice of particularly critical suppliers or the presence of supplier's capacity constraints. The deep formal integration between product R&D and process R&D (a well-managed concurrent engineering approach) helps to effectively address these issues. The mixed modularity architecture of NonFoodConsumo's products, namely the flexibility in their chemical composition, has proved to enable a rapid reconfiguration of the products in the case of a supplier default. Risk derived from fluctuations of raw material prices is also mitigated by leveraging on the flexibility in the chemical composition of the final product, i.e. mix modularity. In fact, this enables the firm to use different raw materials without compromising the product features.
Case 5 -In ElectEquipo, the production quality is one of the major risks. Indeed, when dealing with electronic components, the set of operating conditions (e.g. temperature and insulation) under which an electronic device must work has an intrinsic complexity. This issue leads to severe consequences such as market recalls or withdrawals. Fluctuations of the raw material prices, especially for the components of the electronic parts, have a high impact on the product cost. Other risks are derived from the misalignment between design and production capabilities. This fact is particularly relevant during process engineering and pertains to the plastic frames for the residual current circuit breakers, which in turn affect the design of moulds, which are mostly produced by specialised third parties. In this regard, for several years ElectEquipo has been using a co-design approach with its mould-makers. The flexibility of the modular architecture as well as the availability of a variety of materials identified during the NPD process allows to use different raw materials in a specific product's component without altering its characteristics. Finally, ElectEquipo collaborates with customers to test the product in real working conditions and find potential problems. For the most critical products, customer involvement is planned during the process engineering phase.
Case 6 -TurboGas operates in a capital-intensive market with very strict quality requirements. For this reason, the company has direct control of the entire NPD process. Supply issues (in terms of both quality and inbound delivery) are perceived as critical, especially during the production ramp up and in particular during the construction of the first item of the series. These risks are tackled with frequent and intense inspection visits, during which the vendors' performance is monitored. The trade-off between time and quality performance is managed by means of a strong coordination between R&D and supply chain departments.
Also the rapid change in product and process technological standards is a source of risk. New standards usually affect only one module or one part of the product, thus modularity helps in mitigating this risk. When a new product technological standard begins to be used in the sector, factors that enable TurboGas to quickly turn this risk into an opportunity are the potential to upgrade modules and the adoption of a concurrent engineering approach, allowing TurboGas to update process technology alongside NPD.
Finally, since Turbogas provides products installed on site, it is exposed to the danger of disruptions of outbound delivery: Turbogas products are, sometimes, very large and heavy, therefore, the transportation of such products may be interrupted or delayed due to physical obstacles (e.g. bridges, narrows roads, steep territories) encountered along the journey. Again, the modular architecture helps to overcome the physical barriers: the product modules are separately transported and finally assembled on site.
Case 7 -In ItaLingerie, the continuative collection (i.e. the collection of products sold every season), is manufactured by owned facilities starting from raw materials (such as cotton and wool threads) that are purchased well before production. On the contrary, for the fast fashion collections (i.e. the collections of products sold for a limited period of time), the company purchases the yarn from external suppliers, in order to shorten the internal lead time and quickly react to market demand fluctuations. This exposes the company to the risk of late delivery from yarn suppliers. In fact, they have production capacity constraints that cannot be foreseen in advance. Moreover, fast fashion collection is characterised by strong time constraints and high demand in short period of time. The primary mitigation for these risks consists of a combination of upstream and internal alignment practices during the NPD process. The product development office, the time and motion department and the supplier jointly determine the product technical features that lead the supplier to carry out a sewing process that allows using the existing equipment without missing product performance targets. This type of approach is possible thanks to the partnership that ItaLingerie holds with key suppliers. In addition, ItaLingerie's headquarter is connected with its sales network on a daily basis, and this allows the firm to receive a feedback about the items that are most desired by consumers, so the firm becomes aware of emerging trends and can react promptly. Table 4 summarises the list of NPD-related levers applied by companies under study to mitigate risks. Most of the mitigation practices regard how the NPD process is managed and monitored, whereas only few regard modularity. Table 4 List of NPD mitigation strategies for the companies in the sample -1, TelcoEquipo; 2, Epc; 3, WhiteGoods; 4, NonFoodConsumo; 5, Electequipo; 6, TurboGas; 7, Italingerie
Results
Answer to RQ1
Both managerial practices and organisational mechanisms are used to bring into the NPD process the anticipation of risk sources that might arise in a fully operational supply chain. This is for example the case of TelcoEquipo: in order to prevent disruptions (such as late inbound delivery, supply quality problem and supplier default), the company monitors the progress of the NPD process on the base of a check-list of supply chain requirements and manages the process by means of periodical inter-functional team meetings. In addition, a specific organisational role (the NPI manager) coordinates the interface between R&D and supply chain functions. Modularity has been described by the companies under study looking at its main implications, i.e. modular transportation (as in TurboGas and Epc), modular technological upgrade (as in TurboGas), modular quality monitoring during the NPD process (as in WhiteGoods) and flexibility in the product reconfiguration (as in TelcoEquipo and NonFoodConsumo case).
By further analysing the information collected in Table 4 , it is noticeable how NPD practices are not implemented alone, but coupled with other practices or with modularity to synergistically mitigate the same supply chain risk. Clusters of NPD practices and product features result: we name them 'bundles'. Moreover, more than one risk source may be addressed by a single practice or bundle. By identifying both the single practices and the bundles, we answer the first research question (RQ1), showing the coordinated pattern of actions needed to mitigate the risk sources. Table 5 summarises the bundles resulting from the case studies as well as those actions that are implemented singularly but mitigate more than one risk source. The mitigation effect of each bundle is also reported.
Table 5
Bundles of practices/single practices and the corresponding mitigation effects
Mitigation practices
Supply chain risk source
Mitigation effect Company
Bundle of practices
Product and process flexibility
• Concurrent engineering
• Modularityflexibility in product reconfiguration The first bundle entails a pattern of actions leading to product and process flexibility. Product flexibility is enabled by product modularity, while flexibility along the product development process is achieved through a structured and just apparently rigid method (i.e. the adoption of a check list to check for supplier reliability on time and quality and pass-no pass decisional gates). Key is the role of the internal alignment to integrate supply and R&D perspective, which allows changing components and suppliers when needed, and in a flexible and reliable way.
The second bundle presents a set of actions to manage the trade-off between quality and time with respect to supplied items. It includes upstream alignment, reinforced by high internal alignment. Upstream alignment is in the form of the external monitoring of NPD activities entrusted to external partners, by means of direct visits to the plants of very critical parts' suppliers (e.g. a component within a turbine for Turbogas, or an oil plant for Epc, both providing much of the value of the final product).
The third bundle, 'Upstream collaboration' was observed only in ItaLingerie. ItaLingerie is the only company of the sample that directly collaborates with suppliers in the NPD process. During the NPD process, the company's design team and the suppliers jointly determine the product's technical features, leading suppliers to engage in a sewing process that enables the use of machines without affecting the product performance targets.
The bundle 'Downstream collaboration' pertains to a single company (TelcoEquipo) and its collaboration with B2B customers. Based on the concurrent engineering approach, customers are involved during the NPD process. The product is tested at the customer's site under normal operating conditions with the aim of checking the product compliance to agreed-upon quality checklist; test results are promptly taken into consideration by the two parties and actions are implemented.
The last two bundles leverage on two distinctive characteristics of modular products. The bundle of modularity and internal alignment allows reducing the severity of a fluctuation in raw materials' price, whereas the bundle of modularity and concurrent engineering allows easily updating products in the event of a technological change. Both these bundles rely on the flexibility of product design, which is favoured by modularity, and on the fact that the internal coordination mechanisms make a quick reconfiguration of the product possible. These mechanisms are in place either on a spot basis to exchange the information of alternative raw materials (i.e. the internal alignment in ElectEquipo) or on a continuative basis (i.e. the concurrent engineering in TurboGas).
Comparing these outcomes to the NPD literature, it results that the practices in the bundles are not innovative practices per se. On the contrary, they are consolidated practices. The uniqueness of the result is that when those consolidated practices are jointly adopted in consistent pattern of actions, the resulting bundle can mitigate supply chain risk. Put differently, practices like: concurrent engineering, adoption of checklists of supply chain requirements, diverse facets of modularity, inter-functional teams and supplier involvement in the NPD process are not new as NPD practices, while we have found how their joint adoption can mitigate supply chain inbound risks.
Looking instead at the literature on mitigation strategies, previous studies have already shown how forms of inter-firm coordination mechanisms are adopted by companies during the NPD process to either prevent or react to supply chain disruptions, in particular with suppliers (Zsidisin and Smith, 2005; Chauduri et al., 2013) . Interestingly, we found that companies do not only leverage on joint project teams with suppliers during the NPD process and do not just involve suppliers in the internal initial production process (Chaudhuri et al., 2013) to mitigate inbound risks. Based on our results, companies might also monitor suppliers during the NPD process (as in Epc, Turbogas and TelcoEquipo) and being prepared for disruption also in terms of quick reacting capability, thus designing the product easily re-configurable. Moreover, we showed that companies lever mechanisms for internal coordination (e.g. multi-functional team) or internal organisational role (e.g. NPI manager in TelcoEquipo).
Answer to RQ2
The description of how the set of practices concurs to the final mitigation effect, with the identification of possible contingent variables, is the answer to our second research question (RQ2).
The first bundle consists of a series of actions undertaken during the NPD process that synergistically contribute to an early attempt to prevent and set the conditions to react to a supply disruption (late inbound delivery, supply quality problems, or supplier default). This bundle entails a few practices. The checklist of non-functional requirements, obtained from the internal alignment between sourcing processes and R&D, serves as a 'gate' of the NPD process if the requirements are not satisfied. Where a double sourcing solution is neither feasible nor convenient, an 'alert' is passed back to the R&D, asking to re-design 'critical parts'. The relatively easy re-design of components is enabled by the modular architecture. The mitigation effect is thus twofold. On the one hand, there is an occurrence damping effect through inter-functional teams and the adoption of checklists for internal alignment during the NPD process to prevent the occurrence of the listed risk sources of the inbound sphere. On the other hand, the modular product architecture and the concurrent engineering practice mitigate the severity of the impact, thanks to the flexibility of the product reconfiguration. The companies combine a strict presidium during the NPD process with the flexibility of the product architecture and of the components supply base, thus preventing the inbound risk sources, without losing reactivity in the case a disruption occurs.
As for the bundle 'time and quality trade-off management', in Turbogas and Epc, ensuring the right balance of the trade-off between time and quality goals is crucial. Therefore, the contribution to the mitigation is twofold: on the one hand, deep monitoring on both quality and time, and, on the other hand, the management of the trade-off by means of an organisational role responsible for it. Both these practices contribute to prevent the occurrence of the listed risk sources.
Through the bundle of practices called 'upstream collaboration', ItaLingerie mitigates the risk of late inbound delivery by combining a concurrent engineering approach (involving design and production) and a collaboration with the fabric supplier. The two practices are bundled together since the involvement of fabric supplier might represent a first step to prevent a late delivery, but concurrent engineering is needed to prevent a delay of the process.
In the fourth bundle, 'downstream collaboration', the collaboration with a sample of customers, along with concurrent engineering and internal alignment, prevents quality disruption during large-scale production.
As for the fifth bundle, 'material swapping modularity', it relies on the properties of re-configurability associated with a modular architecture, which enables the firm to set conditions to react to fluctuations of raw material prices. Both the monitoring of the fluctuation of raw material prices and the evaluation of substituting raw materials are possible thanks to the internal alignment and the consequent effective information exchange with the Purchasing department.
The last bundle, i.e. the sixth, addresses the chance of a change of technological standard, either during the NPD process or soon after when the supply chain is in its early days. The combination of concurrent engineering and modularity (i.e. the possibility of incorporating standard-driven innovation into the modules) allows a reduction of the severity of a possible change of the standards.
Finally, two single practices (namely, the upstream monitoring of the supply through first path approval and the codesign with the suppliers during the concept phase) address more than one risk at a time, without being included in a bundle.
Discussion
Based on these findings, we observe that there are differences in the way in which companies address the late inbound delivery disruption. Not surprisingly, through the interviews, a clear dividing line between Turbogas and Epc and the rest of the sample emerges. As Table 6 shows, in both companies the switching cost with key suppliers is high, given the strict and specific engineering requirements. TurboGas and Epc indeed purchase customised components for which suppliers might have to partially adapt their production system. This is the example of a blade for a turbine (Turbogas) which can require customisation for a specific application. Difficulty in communicating requirements is another factor increasing the switching cost with critical suppliers. For example, a compression train (Epc) or a combustion chamber for a turbine (TurboGas) requires the communication of a very high number of complex parameters. Moreover, both Turbogas and Epc are characterised by a very limited supplied volume, compared to all the other companies of the sample. Epc is an engineer-to-order (ETO) company and manufactures one-of-a-kind products, therefore it purchases just one unit for most of the components. In Turbogas, the supplied volume is needed to manufacture 'the first item of the series' and is used as a 'tester' during the NPD process.
To avoid incurring in high switching costs, both companies tend to strictly monitor suppliers, starting from the NPD process. They constantly monitor suppliers' processes and the components' degree of completion and quality. In this case, product modularity and the flexibility regarding product reconfiguration is not worth using, since it is not possible to reconfigure the supply fast enough without incurring in devastating consequences.
Switching cost is high also for ItaLingerie, whose time and motion department and the suppliers agree upon the product technical features (determined by the sewing process) to meet both style requirements and high volume requirements in short time. However, when high switching costs with high supplied volume are at the stake, companies cannot accurately and constantly control every single item that they ordered, so other strategies are needed to establish a close relationship with suppliers, which in turn ensure the needed production capacity.
Finally, as Table 6 outlines, for TelcoEquipo and NonFoodConsumo the supplied volume is high, while switching costs are low. Supplied components are not customised, and only basic functional requirements are to be shared by the parties. In this situation, an accurate control of the supplied volume is neither possible nor appropriate, and a supply base reconfiguration would not have the same devastating consequences as when switching costs are higher. Therefore, companies rely on modularity to easily reconfigure the supply base in the case of an inbound disruption. The bundles of mitigation practices and product features observed are presented in Figure 3 . Figure 4 specifies the mitigation effect of those bundles with regard to the likelihood of occurrence and severity of a risk source. The lower-right quadrant represents the cases in which companies (TurboGas and Epc) order a low volume from each supplier (a single item in the case of Epc) and switching costs are high. In these cases, the companies under study adopt upstream alignment to monitor the timing of document/material delivery (expediting) and the quality of the supply. Coupling this practice with internal alignment helps companies to manage the trade-off between time and quality objectives. For these companies, the adoption of strategies aiming to reduce the probability of occurrence of a disruption (Figure 4 -occurrence damper) is imperative, due to the high impact of an inbound disruption on economic performance. The company in the upper-right quadrant is ItaLingerie. The company perceives the risk of late inbound delivery for the fast fashion collection. The risk is less relevant for the continuative collection, whose supply chain is vertically integrated. Due to the high volume, it is impossible to pursue a monitoring in the form of expediting or inspection. The probability of a disruptive event is mitigated during the NPD process through the alignment with the supplier about the type of production process needed to respect the time-to-market of fast fashion products. Therefore, the mitigation strategy is classified as an occurrence damper.
In the upper-left quadrant, we find TelcoEquipo and NonFoodConsumo. In these companies, the mitigation effect both on occurrence and on severity is achieved through the internal alignment combined with modularity, concurrent engineering and the use of checklists to control the adherence of the product to supply chain parameters. These companies do not resort to strategic stock to minimise risk, but instead they use a bundle of practices during the NPD process. This might be explained by another dimension of analysis, i.e. the industry clockspeed (Fine, 2000) , in which the companies operate. Emblematic is the TelcoEquipo case. This company operates in a high-clockspeed industry (telecommunication equipment). According to Meijboom et al. (2007) , when the industry clockspeed increases, the lead time to the market decreases, making coordination through slack resources (such as inventory) less feasible. TelcoEquipo indeed makes use of its stock to mitigate inbound risk only as a last resort, namely in the case of singlesourcing components that are not possible to redesign.
Finally, WhiteGoods uses upstream monitoring through the 'first path approval' to mitigate risks related to items having medium switching costs and high volume: high competences are at stake, although the number of specifications and information to pass to suppliers is not high and the process is not as complex as in the case of Epc and TurboGas.
The lower-left quadrant features no bundles. Indeed, when there is the possibility to shift between suppliers at low cost and the purchased volume is low, the companies of our sample resort to other mitigation levers (e.g. stock-related) or to single NPD practices.
Conclusion
Our literature review has shown that little research has been performed regarding the adoption of NPD practices to mitigate supply chain risk. Furthermore, in the extant literature we could not find evidences of the synergistic effect ('bundle effect') resulting from the combination of practices and product features. In the past, several authors have shown that modular architecture serves the goal of reducing time-to-market as well as increasing product variety (Lau et al., 2007) . Moreover, few authors have also highlighted that modularity is one of the main enabler of fast reconfiguration in the case of a component redesign due to a supply disruption. In this study, we showed a sample of companies where the choice of designing a modular product has a far greater potential to mitigate inbound risks, if coupled with a systematic process characterised by high internal alignment, concurrent engineering and the use of checklists. In those companies, modularity has a fundamental role, but it needs to be combined with either monitoring or alignment practices during the NPD process to keep control and speed up the implementation of the mitigation. This provides the companies with a twofold mitigation effect, both on occurrence and on severity.
Moreover, in the companies of the sample the 'bundle' effect applies also to other NPD practices. Let us consider internal integration (e.g. checklist, team meeting, concurrent engineering) and external alignment (e.g. upstream monitoring, upstream and downstream alignment). Other authors have already stated that these practices have an impact on product success and on time performance (Johnson and Filippini, 2013) . In the present study, we found evidence that they can mitigate risk when coupled in a bundle.
Another innovative perspective provided by our work is represented by the context of the study. In fact, the literature on the topic of supply chain risk management during NPD presents some notable examples set in ETO context, in particular in the aircraft industry (e.g. Tang et al., 2009; Chaudhuri et al., 2013) . In our study, we complement this view by focusing also on Make-To-Stock and Assemble-To-Order contexts, here represented by consumer goods, garments, white goods and electronic industries. This variety of contexts allows us to distinguish the bundles based on two contingent variables, namely: switching costs and supplied volume, which mark the most visible dividing line between ETO/purchase-to-order contexts (represented by the two analysed companies of Epc and Turbogas respectively) and the other contexts. Future research should explore a wider range of business contexts in order to validate our findings regarding the two contingent variables and eventually to determine a wider set of contingent factors.
We believe that our findings may provide first insights to help managers to better visualise and understand the practical implications of the joint adoption of NPD practices with regard to supply chain risk mitigation. These insights are particularly relevant, because they broaden the range of possible risk mitigation strategies currently known and applied in supply chain management. Typically, the implementation of NPD practices is mostly driven by NPD performance goals, such as cost reduction (Petersen et al., 2003) , output quality improvement (Zsidisin and Smith, 2005) decreasing development time (Feitzinger and Lee, 1997; Ulrich and Eppinger, 2007) and achievement of sales and profit goals (Lau, 2014) . In the present study, we worked to show that NPD practices may also be adopted for risk mitigation purposes. Moreover, we showed how the choice of the bundle to adopt for inbound disruptions is contingent upon the switching cost and the supplied volume of the item exposed to the risk event. This result can help managers to choose among coordination mechanisms with suppliers (i.e. monitoring or direct collaboration) when perceiving the same risk source (i.e. late delivery inbound).
This study presents some limitations. First, the cross-sectorial nature of the sample, on the one hand, allows us to more easily detect contingencies, but, on the other hand, does not allow to determine a fully comparable weight of importance for the risk sources. Although the same risk sources apply to diverse industries, the severity of risk consequences depends on the industry. Therefore, the weights of importance of each risk source are not comparable across industries.
Moreover, our study would benefit from further investigations regarding the extent to which the bundles of NPD practices and product features are routine processes used by companies. A longitudinal study would help to analyse the mitigation effects of NPDrelated practices.
b involved actors (internal and external) c interactions with supply chain functions and external actors during the NPD process d which of the following practice is implemented by your company during the product development process? How?
i Selection of qualified suppliers in the early phases of the NPD process, supplier monitoring, goal congruency and task programmability with these suppliers from the initial phases of the product development process.
ii Launching a new product without any formal announcement, avoiding stress on the innovativeness of the new product to avoid excess stock of the old one.
iii Anticipating supply chain constraints as go-not go gate in the product development process.
e To what extent is the product under investigation modular?
3 Which of these supply chain risk sources are relevant (please refer to both actual risk events as well as to risk sources that are perceived as relevant by your organisation): 5 With reference to the main practices adopted during the product development process (see your answer to question 2), which of them address any of the supply chain risk sources listed in question 3? In which ways? Are they formally embedded in a risk management process? How?
